Summary: A synthetic host, which can easily be assembled starting from urea and benzil, selectively binds resorcinol by hydrogen bonding and r-stacking.
Exploring the potentialities of u-r interactions and hydrogen bonding in order to attain strong and selective binding is currently an area of intense interest in hostguest chemistry. Rebek' and Hamilton2 have shown that a single aromatic surface can significantly improve the complexation of a guest in a hydrogen bonding receptor.
Whitlock: Zimmerman,hb and othershb have synthesized host molecules that are capable of binding neutral aromatic guests between two aromatic surfaces with or without the aid of hydrogen bonding. We describe here a class of receptors (1) that bind dihydroxybenzenes by means of hydrogen bonds as well as u-r interactions.
Compounds 1 were assembled from the cheap starting compounds urea and benzil by the following sequence of reactions: (i) condensation in the presence of acid to yield diphenylglycoluril(89%),6 (ii) reaction of the latter compound with formaldehyde to give 2 (75%), (iii) acetylation with acetic anhydride and subsequent conversion of the tetraacetate into the tetrachloride 3 with thionylchloride (86%), and finally (iv) SnC,-catalyzed reaction of 3 with an appropriately substituted benzene (la, 99%; lb, 36%; IC, 95%).'
Receptors 1 ( Figure 1 ) contain a cleft that is defined by the central diphenylglycoluril unit and two o-xylylene walls. X-ray as well as molecular modeling studies show for IC a minimum energy conformation in which these walls are at a relative angle of 27O. 8 The distance between the centers of the walls is 5.8 A. These frared measurements on mixtures of 1 and resorcinol in CCll or CHCI3 show that these groups are involved in hydrogen bonding with the guest.g Upon addition of 1 to a solution of a dihydroxybenzene in CDC13, the 'H NMR signals of the cavity wall protons of the host and the aromatic protons of the guest shift upfield, whereas the signals of the hydroxylic protons of the guest shift downfield. Fitting of the binding curves' O obtained in titrations afforded the binding constants of la-c and 2 with the guests shown in Table I . In a titration with hydroquinone, which cannot form two hydrogen bonds with one molecule of 1, very small shifts were observed in the host as well as in the guest. Thus, this guest is not bound in the cavity of 1. K,'s for catechol in hosts la-c are in the range of 40-80 M-l. These binding constants are higher than the K, of this guest in 2 by a factor of roughly 5, showing the effect of T-T stacking with the cavity walls. The K,'s of the complexes of the hosts with catechol are generally lower than the K,'s of the complexes with resorcinol. This is, among other reasons, caused by the presence of an intramolecular hydrogen bond in catechol that must be disrupted in order to form two hydrogen bonds with the host. The K,'s of the hosts with resorcinol also show that hydrogen bonding as well as T-T (7) Structures of all new compounds were fully supported by spectral and analytical data. Details will be published in a full paper. Compound lb was synthesized in two steps from 3 by reaction with benzene and subsequent reaction with 1,4-dimethoxybenzene.
(8) (a) for lb and IC is not clear yet, but we presume that the ether oxygen atoms in the latter host molecules are involved in hydrogen bonding with the guest, or that they strengthen the hydrogen bonds of the guest with the carbonyl groups of the host by reducing the interaction of these groups with solvent molecules. To ascertain that resorcinol is indeed bound in the cleft of the receptor, we compared the experimentally determined induced 'H NMR shifts for resorcinol in the complex with IC (A6 = 2.7 ppm for H-2, A6 = 0.42 ppm for H-4 and H-6, and A8 = 0.30 ppm for H-5) with values that can be calculated for any complex geometry with the model of Johnson and Bovey." If the resorcinol molecule is lowered vertically into the cavity along the plane through the carbonyl groups, with the OH groups pointing toward the carbonyl oxygen atoms (Figure 2a) Summary: Hemiacetal cleavage catalyst 1 was designed, synthesized, and shown to be effective in promoting glycolaldehyde dimer dissociation and tetramethylglucose mutarotation.
The design of synthetic molecules that mimic elements of enzyme catalysis is of great interest.' The ultimate goal in model systems would be to recognize transition states better than ground states through noncovalent interactiom2 Models should also possess an optimum balance between conformational flexibility and pre~rganizationk~ in order to be tailored for a reaction class rather than for a single particular substrate.
Inspired by the cleftlike molecules introduced by h b e k and co-workers featuring convergence of useful functional
